Zinc in pooled human serum, diluted 10-fold with demineralized water, was determined by flame atomic absorption spectrophotometry. Recoveries of zinc added to the serum were calculated by use of standards prepared in water, physiological saline, synthetic serum, or dilute HNO3 (10 mI/liter). The flowrateswere essentially the same (9.1 to 9.3 mI/mm) for water, diluted synthetic serum or actual human serum, and diluted nitric acid. The mean apparent percentage recoveries (± SD) were the best (102.6 ± 2.5) when the standards were prepared in nitric acid; the values obtained when standards in water were used were too high (111.5 ± 3.9); those with standardspreparedinphysiological saline (92.0± 3.2) or synthetic serum (92.3 :E 2.5) were too low.
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Recently, there has been considerable interest in zinc metabolism (1) . Of the procedures available for measuring zinc in biological fluids, atomic absorption spectrophotometry has the distinct advantage of being specific for individual elements (2) of HC1. However, at this dilution, they observed a memory effect caused by the solids in the serum. Moreover, as mentioned above, the total-consumption type of burner used by them is not available in most modern instruments equipped with premix burners. Pekarek et al. (9) , using the same dilution of serum with water, obtained reproducible results with aqueous standards, but the accuracy of the results was not confirmed by the recovery of zinc added to serum.
Our purpose was to devise and standardize a simple method for determining zinc in human serum, which would minimize contamination and which would be suitable for preparation and analysis of a large number of samples available in small amounts. The composition of the matrix in which the standards were prepared was found to be critical, probably because of the physico-chemical complexity of serum. Consequently the suitability of standards prepared in various matrixes had to be evaluated.
Materials and Methods

Instrumentation.
We used the Varian-Techtron AA 5 atomic absorption spectrophotometer with a Varian G-2000 strip chart recorder (both from Varian-Techtron Pty. Ltd., Melbourne, Australia) to measure serum zinc concentrations in the air/acetylene flame. We prepared physiological saline (9 g of NaC1 per liter of water) and a synthetic serum (per liter: 8.768 g of NaC1, 0.373 g of KC1, 10.0 ml of 10 g/liter Ca solution, 2.0 ml of 10 g/liter Mg solution, 0.575 g of NH4H2PO4, 1.0 g of glucose, and 0.3 g of urea) (10) . The aqueous standards were prepared by diluting 1 ml of each aqueous working standard to 10 ml. The standards in physiological saline were prepared by adding 1 ml of saline to 1 ml of each aqueous working standard and diluting to 10 ml with water. The standards in synthetic serum were prepared similarly by using synthetic serum in place of saline. The standards in nitric acid were prepared by adding 1 ml of dilute (100 ml/liter) nitric acid to 1 ml of each nitric acid working standard and diluting to 10 ml with water. Four replicates of each type of standard and each concentration were prepared in final concentrations of 50, 100, 200, and 400 jg of Zn per liter. Reagent blanks were prepared for each set of standards.
Serum.
Pooled normal human serum was obtained from a local hospital, divided into four lots, and kept frozen in plastic vials until use. Each vial was exposed to room temperature overnight (about 16 h) and then mixed thoroughly before 1-ml samples were removed for zinc determination and diluted in 10-ml glass volumetric flasks identical to those used for the standards.
No zinc was added to the serum in the first flask, but 1-ml aliquots of the aqueous standards containing 500, 1000, and 2000 rig/liter Zn were added to the second, third, and fourth flask, respectively, and diluted to 10 ml with water to give a final 10-fold dilution of the serum. Again, four replicates of each were prepared.
Wet digestion.
The dilution method was compared with a wet-digestion method. Pooled normal human serum from the same source but from different individuals was used in this test. Four replicates of serum were diluted 10-fold with water as described before, while the other three 5-mi replicates were digested in a mixture of 5 ml of nitric acid and 2 ml of perchioric acid (720 mi/liter) in Kjeldahl flasks until white fumes appeared, cooled, and the contents transferred to 50-mi flasks and diluted to volume with water. An acid blank was prepared in the same way. The amount of zinc in the wet-digested serum was determined by the method of standard additions, standards containing 50, 100, and 200 tg of Zn per liter of dilute (10 mi/liter) nitric acid being used for this purpose.
Aspiration rates. We measured the time required to aspirate 5 ml of water, 5 ml of serum diluted 10-fold with water, 5 ml of 10-fold diluted synthetic serum, and 5 ml of dilute (10 ml/liter) nitric acid.
Glassware.
Standard
glass volumetric flasks and pipets were used. The glassware was washed in an automatic washer and soaked in dilute (100 mI/liter) nitric acid and rinsed thoroughly with distilled demineralized water. An ion-exchange column (Demineralizer column, Research model No. 1; IWT, Rockford, III. 61105) was used to produce the demineralized water used in all these experiments where "water" is mentioned.
Results and Discussion
The aspiration rate of 10-fold diluted human serum (9.1 ml/min) was significantly less than the aspiration rates of the standard solutions (9.3 mi/mm) ( Table 2 ). However, as the difference was only 2.2% and the actual sample aspiration time was about 20 s, we considered all the flow rates to be essentially the same. Thus the results obtained by using a 10-fold diluted serum would not be measurably affected by the observed difference between the rates of aspiration. At a two-or threefold dilution of serum, Reinhold et al. (7) observed about 50% lower aspiration rates as compared to standards prepared in 0.14 mol/ liter NaCi, and the results for serum zinc determinations were appreciably affected.
The reference standards prepared in demineralized water, physiological saline, synthetic serum, and dilute nitric acid were evaluated by comparing the recoveries of zinc added to the serum (Table 3 ). The percentage recoveries obtained when aqueous standards were used were too high, those with standards in physiological saline or synthetic serum were too low. Good recoveries were obtained when the standards were prepared in dilute (10 ml/liter) nitric acid. Evidently there are components of serum that enhance absorption.
There are conflicting reports regarding the effect of sodium on zinc determination, one group (11) reporting that sodium markedly de- creased the absorbance values for zinc, while Henkin (12) reported that physiological saline enhanced the signal. Under our experimental conditions, the absorbance was about 15% greater when physiological saline replaced water in the standards.
The results obtained with synthetic serum standards were unsatisfactory, probably because serum proteins were not present, although the use of synthetic serum standards has been advocated for the estimation of zinc in serum (10) . The best recoveries were obtained when standards were in dilute nitric acid, because the enhancement of the signal for the standards happened to equal the net effect of the enhancing and suppressing factors in diluted serum (13) . From the various recoveries obtained, it is evident that the accuracy of zinc determinations in serum would depend very much on the medium in which the standards are dissolved. For pooled human serum, the amount of zinc (in micrograms per liter ±SD) was found to be 1176 ± 20 if aqueous standards were used, 933 ± 16 with standards in physiological saline, 967 ± 16 with standards in synthetic serum, and 1047 ± 17 with standards in dilute nitric acid. It is therefore necessary to exercise caution in comparing results obtained by different methods.
Finally, we compared the results obtained by aspirating a 10-fold dilution of another sample of pooled human serum with the zinc content of the same sample determined after wet digestion by the method of standard addition (Table 4 ). There was no significant difference between the results obtained by the two methods, confirming that our proposed method yields accurate and reproducible results for zinc in serum.
